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A B S T R A C T
An 83-year-old right-handedmale presentedwith a 2-day history of episodic jerking and ‘‘spasms’’ in the
left arm, each lasting approximately 1 min, followed byweakness. He also described episodes of ﬂashing
colorful lights (green and blue) in his left visual ﬁeld, not always accompanied by arm jerking, associated
with intermittent confusion. His past medical history was signiﬁcant for type-2 diabetes mellitus.
Neurological exam showed an intermittent visual deﬁcit in both eyes, in the inferior ﬁelds, mild left
upper extremity weakness with brisk reﬂexes. Several brief episodes of focal motor (clonic) seizure
activity involving the left upper limb were observed. Blood glucose was 639 mg/dL, with serum
osmolarity of 316 mosmol/L.
Ketoacidosis was absent. Two electrographic seizures from the left occipital region maximum at O1
associated with visual symptoms were recorded. CT head performed on the day of admission was
normal. MRI was not done because of a pacemaker. Patient was treated with hydration and insulin and
all the neurological symptoms including the seizures disappeared after 24 h. We report a patient with
clinical and electrographic seizures from the occipital region associated with hyperglycemia. This is a
unique complication of hyperglycemia and anecdotal reports of patients with this clinical presentation
have been published over the years. Sporadic EEG descriptions have been reported before.
 2008 British Epilepsy Association. Published by Elsevier Ltd. All rights reserved.
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Hyperglycemia may initially present with neurological man-
ifestations.1 Diverse neurological symptoms have been described,
including: seizures, visual hallucinations, choreoathetosis, hemi-
ballismus, dysphagia, somatosensory symptoms or headache
associated with nausea and vomiting, and severe cases of
hyperglycemia can manifest as a coma.2,3
Seizures associated with hypoglycemia are well recognized in
the literature.4 Hyperglycemia-induced seizures also have been
described in the literature; however, their underlying mechanism
is minimally understood. While seizures associated with hypo-
glycemia are mainly generalized,4 seizures associated with
hyperglycemia are usually focal in nature.3 The most frequent
type of seizures described in hyperglycemia are motor seizures in
the form of epilepsia partialis continua.2,3,5,6 Of the two distinct
patterns of hyperglycemia (ketotic and non-ketotic), the non-
ketotic hyperglycemia is more commonly associated with sei-
zures.3 Previous reports have described occipital seizures asso-* Corresponding author at: Division of Neurology, Department of Medicine, Royal
University Hospital, 103 Hospital Drive, Box 26, Room 1622, Saskatoon, SK S7N
0W8, Canada. Tel.: +1 306 966 8011; fax: +1 306 966 8008.
E-mail address: jft084@mail.usask.ca (J.F. Te´llez-Zenteno).
1059-1311/$ – see front matter  2008 British Epilepsy Association. Published by Else
doi:10.1016/j.seizure.2008.12.001ciated with hyperglycemia, although the descriptions are rare and
few of them have showed electrographic ﬁndings.7
In this article, we report the clinical presentation of a patient
with non-ketotic hyperglycemia that was presented with focal
occipital seizures and unique electroencephalographic ﬁndings.
We discuss potential underlying mechanisms for hyperglycemia-
induced seizures and comment about possible hypotheses for the
focal nature of these seizures.
2. Case report
An 83-year-old right-handed male presented with a 2-day
history of episodic jerking and ‘‘spasms’’ in the left arm, followed
by weakness, each lasting approximately 1 min. He also described
episodes of ﬂashing colorful lights in his left visual ﬁeld, followed
by visual deﬁcit in the inferior ﬁelds of both eyes. The patient was
also intermittently disoriented with short-term memory impair-
ment. His past medical history was signiﬁcant for type-2 diabetes
mellitus treated withmetformin (500 mg bid) and glyburide (5 mg
od), dyslipidemia treated with simvastatin (20 mg hs), and
ischemic heart disease treated with metoprolol (25 mg bid),
aspirin (81 mg od) and clopidogrel (75 mg od). He also had a
cardiac pacemaker, and was treated with prednisone for giant cell
arteritis prior to admission. Therewas no past history of seizures or
migraine.vier Ltd. All rights reserved.
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He had a visual deﬁcit in the inferior ﬁelds of both eyes, but was
unable to clearly describe the demarcation of visual defect. He also
had a mild left upper extremity weakness (4/5) with brisk biceps
and brachioradialis reﬂexes and an extensor plantar reﬂex on the
left. Several brief episodes of focal motor (clonic) seizure activity
involving the left upper limb were observed.
Blood glucose was 639 mg/dL and serum osmolarity was
316 mosmol/L. Ketoacidosis was absent. Mg2+ and Ca2+ were
normal. There were mild abnormalities of other electrolytes (Na:
128, K: 3.2, Cl: 85, HCO3
: 33, urea: 12.1, Cr: 175), which mostly
normalized with treatment in less than 24 h (Na: 140, K: 3.6, Cl:
110, HCO3
: 28, urea: 8, Cr: 120), however clinical seizures
continued for almost 24 h. Cranial CT scans on presentation and
48 h later were normal. MRI was not obtained because of the
pacemaker. Two electrographic seizures from the left occipital
region maximum at O1 with spread to P3 and T5 associated with
visual symptoms were recorded. Before the seizure, normal alpha
activity can be identiﬁed with a frequency of 8 Hz (Fig. 1B). The
ictal rhythm in both seizures was characterized by initial fast
activity in the frequency of beta (Fig. 1A and C) followed by post-
ictal theta and then delta (Fig. 1D). The right occipital region did
not show any change in both seizures (Fig. 1A).
The patient was treated with hydration and insulin and all the
neurological symptoms including the seizures disappeared afterFig. 1. (A–D) In these ﬁgures we can observe an electrographic seizure. (A) shows the pre
16 Hz. This EEG changes were present when the patient was describing ﬂashing light i
magniﬁcation of the left parasagittal segment of the double banana during the electrog
frequency of 8 Hz. During the seizure (C) O1 shows the sudden onset of fast activity with
theta and delta after the seizure.24 h. No antiepileptic medicationwas used. In a subsequent follow
up 4 months later, the EEG was normal and the patient remained
asymptomatic.
3. Discussion
Our case is unique for many aspects. Our patient had different
types of transient neurological symptoms including focal motor
seizures on the left arm followed by weakness, occipital seizures
followed by visual deﬁcits and intermittent confusion. All these
symptoms are consistent with a global brain dysfunction related
with hyperglycemia and eventually recovered with the correction
of the metabolic problem. Occipital seizures are a unique
presentation of hyperglycemia and few anecdotal reports have
described electrographic changes. The transient visual ﬁeld defect
in this patient could be an equivalent of Todd’s phenomena
following occipital seizures.
The focal character of the seizures described during hypergly-
cemia has been reported consistently over the years. Some authors
have suggested that pre-existing or acute focal lesions such as
cortical dysplasia, heterotopia, asymptomatic strokes, and areas of
encephalomalacia from previous or acute injuries are predisposing
factors for focal seizures in patients with hyperglycemia.3,18 It has
also been mentioned that focal declining in arteriolar or venous
circulation provoked by thrombosis may cause focal seizures.3sence of fast activity over the left occipital region with a frequency between 15 and
n both eyes. No changes were identiﬁed over the right occipital region. (B–D) is a
raphic seizure. Before the seizure (B) we can identify normal alpha activity with a
a frequency of 15 Hz. Finally in (D) we can identify some slowing in the frequency of
Table 1
Cases of hyperglycemia related focal seizures.
Age,
gender
Localization
of seizures
Visual symptoms Ictal EEG Glucose,
mg/dL
Imaging Reference
42, F L occipital R homonymous hemianopia,
visual hallucinations
L parietotemporal spike wave
discharges
324 Brain MRI: normal T1W,
T2W L temporoparietooccipital
subcortical WM hypointensities,
bilateral striatal T2 hyperintensities
Raghavendra
et al.10
39, M R occipital Blurred vision, L hemianopia,
L visual ﬁeld hallucinations
Decreased voltage and slowing
in the R occipital lobe but no
ictal discharges
502 Brain MRI: T2W hypointensity in
WM of right occipital lobe
Lavin11
54, M R occipital Intermittent blurred vision,
visual hallucinations
R anterior midtemporal and
R posterior quadrant spikes
427 Brain MRI-DWI: restricted diffusion
of R occipital and part of R parietal lobe
Lavin 11
69, M L occipital Blurred vision, R ﬁeld visual
hallucinations
L occipital spikes 486 Not reported Lavin11
59, F L occipital Flickering red objects in the
R visual ﬁeld, complex visual
hallucinations, distortion and
illusions, R hemianopia
Continuous spikes arising in
the L occipital region
535 Brain MRI:T2W and FLAIR subcortical
hypointensity and gyri hyperintensity
at the left occipital lobe
Wang et al.7
51, M R occipital Bright lights in left lower quadrant Not reported 569 Brain MRI-DWI; alteration in R
cortical–subcortical occipital diffusion
sequence
Perez-Saldana9
28, M R occipital Episodic ﬂashing red and green
lights in the L visual ﬁeld,
L homonymous hemianopia
9–10-Hz waves in the
R posterior quadrant
371 Brian MRI: not performed.
Cranial CT: normal
Harden et al.16
67, F R occipital ‘‘blurring’’ of the L visual ﬁeld
with intermittent green and red
ﬂashing lights in that ﬁeld
Ictal R occipital and
R parietal irregular
10-Hz waves
484 Brain MRI not performed, cranial CT:
old L basal ganglia and occipital
lacunar infarct
Harden et al.16
54, M R temporal Visual hallucinations Rhythmic activity at 2–3 Hz
occurring over the R temporal
area when had hallucinations
611 Brain MRI and cranial CT: normal Sowa et al.17
83, M L occipital Flashes of green and blue lights,
hemianopia
L occipital beta frequency followed
by theta and delta slowing
639 MRI was contraindicated, cranial CT:
age-related atrophy, no stroke
Our patient
WM, white matter; DWI, diffusion weighted image; MRI, magnetic resonance image; R, right; L, left; M, male; F, female.
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manifestationwas epilepsia partialis continua. In this series almost
all the patients had structural lesions. Our case had a normal
cranial CT scan, with the possibility to have a lesion only visible in
the MRI, although the full recovery of the symptoms is more
consistent with a transient dysfunction of the brain.
Seizure types described in patients with hyperglycemia are
diverse including epilepsia partialis continua, which is the most
frequent type, simple or complex partial seizures and less common
recognized symptoms are apnea, somatosensory symptoms,
aphasia, and visual disturbance.8 The description of occipital
seizures in the literature is scanty and few electrographic
descriptions have been performed. Previous reports are consistent
with the semiology of our patient. Perez-Saldana et al.9 reported a
patient with bright lights in the left lower quadrant, Wang et al.7
discussed a patient with ﬂickering red objects in the right visual
ﬁeld associated with complex visual hallucinations, ﬁnally
Raghavendra et al.10 and Lavin11 reported the presence of visual
hallucinations. In agreementwith our report, previous descriptions
described the presence of visual deﬁcits accompanying the seizure
and in all the reports these were transient.7,10,11 According to
previous reports the prognosis of hyperglycemic seizure is good
and full clinical, neuroimaging, and EEG recovery has been
reported in most cases without requirement of long-term
antiepileptic therapy.7,8,10
Few electrographic descriptions of occipital seizures associated
with hyperglycemia are available. Wang et al.7 described, focal
spikes at the onset of seizures, decrease of voltage and slowing in
the affected area. These ﬁndings have been reported also by
Lavin.11 Our patient had two seizures during the scalp EEG with a
similar pattern. Our description is unique because the seizure
onset is characterized by fast activity over the left occipital region
with a frequency between 15 and 16 Hz. During these changes the
patient was describing ﬂashing lights in both eyes. When the
seizure ends, it is possible to identify slowing in the frequency oftheta and delta in the same region. In our case no clear spikes were
identiﬁed. Our description is unique and neurologists should be
aware that the electrographic description could be different in
patients (Table 1).
Seizures are less common in ketotic compared to non-ketotic
hyperglycemia. Potential explanation is that ketoacidosis
decreases neuronal excitability by increasing levels of GABA via
activation of glutamic acid decarboxylase, increased cellular
concentration of glutamic acid and decreased GABA shunt.12
Other than changes in GABA, KATP channels have been recently
shown to be important in hyperglycemia-induced seizures. KATP
channels are well known for their action in pancreatic cells, where
an increase in intracellular ATP/ADP ratio leads to closure of the
channels preventing potassium efﬂux leading to cell membrane
depolarization and insulin secretion.15 Recent evidence indicates
that neurons (e.g. hippocampal and neocortical) also have KATP
channels and these channels are responsible for increasing
neuronal excitability in hyperglycemic environment.13–15 At
present, there is no experimental data to suggest why focal
seizures are more common than generalized seizures in hypergly-
cemia. Based on the current evidence we suggest the following
theory: ‘‘Mapping out the distribution of KATP channels in brain
might reveal selective distribution of these channels to certain
areas which might overlap/correlate with the distribution of focal
seizures’’.
4. Conclusions
Our patient had hyperglycemia-induced focal seizures. Histori-
cally focal motor seizures have been described during non-ketotic
hyperglycemia; however, the description of occipital seizures is
exceptional. Very few EEG descriptions have been performed in
patients with occipital seizures associated with hyperglycemia
including sequential spikes, slowing and attenuation. In our case
the electrographic patternwas fast activity. Decreased GABA levels
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demonstrated that increased extracellular glucose, in a concentra-
tion dependent manner, increases neuronal excitability via
decreasing the conduction of KATP channels. Focal seizures are
common in hyperglycemia and have an excellent prognosis with
lowering glucose levels. Therefore, it is important that clinicians be
aware of this condition.
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